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Wide-range tunable Fabry–Perot array filter for
wavelength-division multiplexing applications
Der Yi Hsu, Jim Wein Lin, and Sen Yen Shaw
A new design for a Fabry–Perot-based array filter for wavelength-division multiplexing (WDM) appli-
cations is proposed. The device is composed of two partially reflective mirrors; the surface of one of the
mirrors is stepwise. Not only does the configuration of multiple air-gap cavities into a single unit provide
wavelength tunability but the channel numbers can be expanded. A four-channel multiplexer has been
demonstrated. The results revealed that a compact and cost-effective WDM device should be easily
attainable. © 2005 Optical Society of America
OCIS codes: 350.2460, 060.4230, 050.2230.
1. Introduction
Wavelength-division multiplexing (WDM) tech-
niques can significantly increase the capacity of com-
munication networks to meet the continually
expanding demands of Internet users. Filters play a
key role in signal adding and dropping. Many kinds of
filter such as arrayed-waveguide grating,1 fiber
Bragg grating,2 and various Fabry–Perot3–5 filters
have been proposed. Although the arrayed-
waveguide grating filter might be a powerful compo-
nent in WDM, its fabrication so far has been
difficult.6 With respect to fiber Bragg grating filters,
there are still problems in obtaining stable and iden-
tical gratings.7 By comparison, Fabry–Perot filter
components are easily prepared. Fixed-wavelength
narrow-width interference filters with multilayer di-
electric coatings are relatively reliable and are be-
coming standard components of WDM systems.
However, the integration of discrete filters into a mul-
tichannel unit will greatly increase system cost and
insertion loss along the unit’s optical path. The fab-
rication of these filters also requires as many as 100
layers of precisely controlled dielectric coatings. The
result is low production yield and seriously flawed
operating reliability. In this paper we propose a sim-
ple air-gap Fabry–Perot filter array with separately
coated mirror surfaces. This configuration greatly
simplifies the design and preparation of the filters. It
eliminates the need for optical isolators along the
optical path because the light is obliquely incident
upon the filters. We have demonstrated a prelimi-
nary four-channel Fabry–Perot array, which exhib-
ited advantages of low loss and frequency tunability.
Its being easily compatible with conventional optical
fabrication techniques is a property that would be
attractive for various multichannel WDM applica-
tions.
2. Device Properties
The arrayed Fabry–Perot filter is shown in Fig. 1. It
is composed of two mirrors, M0 and M1. The front
surface of flat mirror M0 is high-reflection coated with
two small areas left antireflection coated to serve as
windows for incoming and outgoing optical beams Iin
and Iout, respectively. The back surface of mirror M0,
which is parallel to the front surface, is partially
reflection coated, with reflectance R. The optical
beam then propagates in a zigzag pattern within mir-
ror M0 to form an array of transmitted beams Ij. The
front surface of flat mirror M1, which faces mirror M0,
is properly tailored stepwise and coated with reflec-
tance R. The lateral width of the stepped surfaces is
set appropriately for the position of the beams trans-
mitted from mirror M0. The back surface of mirror
M1 is flat and antireflection coated. An adjustable
separation between mirrors M0 and M1 results in an
array of air-gap Fabry–Perot filters with tunable res-
onant frequencies. The frequency spacing between
adjacent filters can easily be designed through free-
spectral-range calculation of the Fabry–Perot array
and a stepped profile of the surface of mirror M1. The
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transmittance linewidth of the Fabry–Perot filter ar-
ray is determined by reflectance R and by the surface
quality of the mirrors. As mirrors M0 and M1 are
individually processed and coated, a relatively high
degree of optical quality and production yield would
be attainable, compared with the result of manufac-
turing thin-film narrowband interference filters. Ac-
cordingly, for an incoming beam composed of several
channel frequencies, the demultiplexed output beams
can be obtained from the arrayed Fabry–Perot filters.
Conversely, several beams of specified channel fre-
quencies can be multiplexed into a single beam.
According to the configuration shown in Fig. 1, the
transmittance of the jth Fabry–Perot filter is
Tj()
Tmax
1 (2F)sin(j)2
, (1)
where maximum transmittance Tmax and finesse F
are determined by surface reflectance R of the mir-
rors. The single-pass phase shift of the jth Fabry–
Perot filter is
j

2c(dj cos )
, (2)
with incidence angle  and cavity length dj  d0
 jd, assuming an equally stepped profile of step
thickness d. The resonance frequency of the jth
channel is then
j qFSR js, q an integer, (3)
where the free spectral range is
FSR c(2d0 cos ) (4)
and the channel spacing is
sFSRd(2). (5)
For the Fabry–Perot array to be operated entirely
within a single free spectral range, the value q must
be the same for all cavities. The total number of chan-
nels, N, is then
N	FSRs. (6)
Considering the nonzero incidence angle and the
finite cross-sectional size of the optical beam in our
Fabry–Perot array, the effect of walk-off loss8 should
be included in Eq. (1). Figure 2 depicts the depen-
dence of Tmax on the incidence angle for a laser beam
with beam size D  1.7 mm transmitting a flat
Fabry–Perot cavity with a cavity length of 80 
m.
The figure shows that the transmittance declined
quickly to 0.3 when the incidence angle was increased
to 4°. The computer simulation for various beam sizes
based on the interference of finite numbers of par-
tially transmitted waves well agrees with the exper-
imental measurements. It indicates that a 45%
transmittance would be attainable at   5° with a
collimated beam size of D  3 mm. The correspond-
ing calculation of the spectral FWHM is shown in Fig.
3, for which mirror reflectance R  99% and cavity
length L  80 
m were used. The transmittance
bandwidth of the tilted Fabry–Perot filter shows a
linear dependence on the incidence angle.
3. Experimental Configuration
We have demonstrated a simple four-channel Fabry–
Perot array with properties as described above. As
shown in Fig. 4, the Fabry–Perot array was composed
of a thick glass substrate M0 and four small plane
mirrors, M1–M4. The end surfaces of 30-mm-thick
glass substrate M0 were parallel to each other. The
front surface was metal coated, with two openings left
for the incoming and outgoing beams. The back sur-
face was partially reflectively coated, with reflectance
R  0.99. The size of each small mirror M1–M4 was
3 mm  10 mm  1 mm. The front surfaces of the
mirrors were also partially reflectively coated, with
Fig. 1. Schematic configuration of the tunable air-gap Fabry–
Perot array filter.
Fig. 2. Calculated dependence of maximum transmittance on the
incidence angle for three beam sizes. Stars indicate experimental
results.
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reflectance R; the back surfaces were mounted onto a
common mirror fixture (MF) with UV-light-curable
adhesive. The mirrors were precisely aligned and ad-
justed to form a properly stepped surface profile and
then cured. In our experiment the alignment of these
mirrors was accomplished straightforwardly with the
aid of interference by use of a collimated He–Ne laser
beam.
The completed mirror fixture was placed upon a
piezoelectric translator (PZT; Fig. 4) and combined
with glass substrate M0 to establish the four-channel
Fabry–Perot array. Transmitted and outgoing inten-
sities I1, I2, I3, I4, and I5 were detected by photodetec-
tors D1, D2, D3, D4, and D5, respectively. With the
3mm lateral separation of the small mirrors, the
incidence angle was set to   4° such that the walk-
off loss can be 5 dB for a 1mm optical beam size.
4. Results and Discussion
A four-channel Fabry–Perot array was tested with a
He–Ne laser of 632.8nm wavelength. Figure 5 shows
the typical transmission signals of a Fabry–Perot ar-
ray with R 0.99, d0  80 
m, and d  75 nm. The
corresponding channel spacing and transmission
bandwidth of the array are 460 and 6.2 GHz, respec-
tively. When the piezoelectric transducer was
scanned by application of a ramp voltage, the laser
radiation was transmitted alternatively through the
corresponding resonant channel. Most of incoming
beam Iin was reflected into outgoing beam Iout, which
contains spectral dips caused by the transmission of
corresponding channels. The transmission magni-
tudes of the four channels were found to be slightly
different, possibly because of variations of parame-
ters among the four separately prepared small mir-
rors.
For applications in optical communications, cross-
talk among various channels results in a trade-off
between the bit-error rate and the signal-to-noise ra-
tio of the transmitted digital signals. As analyzed by
Humblet and Hamdy9 for single-cavity Fabry–Perot
filters, the ratio of channel numbers to the finesse will
affect the bit-error rate for a given signal-to-noise
ratio. When the numbers–finesse ratio is smaller
than 0.1, a signal-to-noise ratio better than 11 dB
would be sufficient to maintain a bit-error rate of
109. In our experimental four-channel Fabry–Perot
array the signal-to-noise ratio, as shown in Fig. 5,
was 12 dB. This suggests that this device can be
suitable as multiple-channel filters in WDM commu-
nication systems.
Because of its frequency tunability, a Fabry–Perot
array can be cascaded to yield more transmission
channels. As shown in the configuration of Fig. 6, two
similar four-channel Fabry–Perot arrays with inter-
leaved resonant frequencies are combined to form
eight-channel filters. By concatenating several four-
Fig. 3. Transmittance linewidth versus incidence angle for three
beam sizes.
Fig. 4. Device configuration of a four-channel tunable air-gap
Fabry–Perot filter.
Fig. 5. Measured transmission spectra of the four-channel
Fabry–Perot array when the piezoelectric transducer’s voltage was
scanned.
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channel Fabry–Perot arrays with proper shifting of
resonant frequencies, a filter with high channel num-
bers would be easily achievable.
In addition to its use as WDM filters, the Fabry–
Perot array can also be utilized for the generation of
multiple-wavelength laser radiation. When the array
is associated with diode lasers to serve as a device for
multiple-channel frequency discrimination with high
spectral selectivity, the diode lasers can be stabilized
to their corresponding resonant frequencies. When
the Fabry–Perot array is combined with several gain
blocks to form laser oscillators, however, laser radi-
ation composed of several fiber communication fre-
quencies 1525–1565 nm can be generated.
5. Conclusions
We have proposed a simple air-gap Fabry–Perot ar-
ray based on a step-profiled cavity mirror. With prop-
erly designed step thickness and cavity finesse,
multiple channels of a spectral filter can be fabricated
into a single unit. Simulations showed that the trans-
mission loss can be lower than 5 dB when the inci-
dence angle is below 4° for collimated radiation with
a beam size of 1 mm. A four-channel Fabry–Perot
array was demonstrated by use of multiple numbers
of precisely aligned small mirrors to achieve the
stepped mirror surfaces. Experimental results re-
vealed that the device is tunable and easily configu-
rable. A large number of transmission channels
would be attainable by cascading several four-
channel arrays. The advantages of being compact,
low cost, and high performance make the device at-
tractive for WDM-related applications.
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